however, the hyperbolic spectral regions were not probed therein. In with a scalar potential oscillating across the slab and having different number of nodes 22 .
Each waveguide mode disperses between ω TO and ω LO (Fig. 1b) . Our theoretical results and discussion below are relevant for all these modes. The experimental results mainly concern the principal mode, the nodeless waveguide mode of the lowest momentum.
Finally, in Fig. 1e we display the dispersion of the new collective modes -hyperbolic plasmon-phonon polaritons (HP 3 ) -that arise from mixing of the SP 2 and HP 2 in the graphene/h-BN meta-structure. The graphene Fermi energy E F = 0.37 eV was estimated from the surface polariton wavelength in Fig. 3d Infrared nano-imaging data (Figs. 2,3 ) visualizing the propagating polaritons in our meta-structures unambiguously support the above theoretical predictions. The basic principles of polariton imaging have been detailed elsewhere 1,5,10,11 . In short, when illuminated by the IR beam, the s-SNOM tip launches radially propagating polariton waves (Fig. 1a) . The tip then registers the interference pattern between launched and edge-reflected polaritons, yielding oscillating fringes in the scattered near-field signal.
The periodicity of the fringes is one-half of the polariton wavelength (denoted generically by λ, with suitable subscripts when needed).
In Fig. 2a we present nano-imaging data at a representative frequency ω = 1495 cm graphene is close to charge neutrality (Fig. 3a) , the profile of propagating polariton in graphene/h-BN is nearly indistinguishable from that of uncovered h-BN. Once graphene is doped by gating (Fig. 3b) , both the intensity and wavelength of the polaritonic features were significantly increased. This systematic study of the gate-tunability is summarised in Fig. 3c (blue dots) , where the wavelength consistently increases with the absolute value of gate voltage at fixed frequency ω = 1395 cm -1 .
Here we stress the distinction between the electrodynamics in HP 3 and SP 3 spectral regions (Fig. 1e) . The latter are localized on the sample surface whereas the former propagate through the entire graphene/h-BN meta-structure (Fig. 3d, inset We conclude by pointing out that tunable hyperbolic response in graphene/h-BN devices does not introduce evident losses (Fig. 2b) . The loss factor of HP 3 , defined as κ / q for the complex momentum q + iκ 6 , can be as small as 0.06 but increases up to ~ 0.10 in the vicinity of the longitudinal phonon mode. In fact, the propagation length of HP 3 in graphene/h-BN is factor of 1.5-2.0 longer than HP 2 in h-BN (Fig. 2) . Continuous and reversible in-situ tunability of hybrid polaritons in graphene/h-BN meta-structures demonstrated here (Fig. 3 ) is a significant advantage over other artificial and natural hyperbolic materials 1-4 , and is appealing from both the perspective of fundamental physics as well as potential applications [3] [4] [5] [25] [26] [27] [28] [29] . Thus, our work uncovers a practical approach for nano-photonic meta-structures with intertwined electronic, plasmonic, phononic, and/or exciton polaritonic properties 16 . Specifically, vdW polaritonic heterostructures with locally tunable properties fulfill the essential prerequisites for the implementation of transformation two-dimensional plasmonics 30, 31 . The hybridization and graphene-induced tunability reported here are expected to be generic for other electromagnetic metamaterials 32 and vdW heterostructures 8, 16 . A precondition for these effects is an overlap between various polaritonic dispersion branches. Finally, we remark that it is possible to make an analogy between altering the polariton dispersion by graphene and the Goos-Hänchen effect (GHE): a lateral shift of an optical beam upon reflection from an interface 33 . Theory of such a polaritonic GHE will be reported elsewhere.
Methods

Experimental setup
The infrared (IR) nano-imaging and Fourier transform IR nano-spectroscopy (nano-FTIR) experiments introduced in the main text were performed using a scattering-type scanning near-field optical microscope (s-SNOM). Our s-SNOM is a commercial system (www.neaspec.com) based on a tapping-mode atomic force microscope (AFM). In the experiments, we use a commercial AFM tip (tip radius ~ 10 nm) with a PtIr 5 coating. The AFM tip is illuminated by monochromatic quantum cascade lasers (QCLs) (www.daylightsolutions.com), CO 2 lasers (www.accesslaser.com) and a broad-band laser source via difference frequency generation (DFG) (www.lasnix.com). Together, these lasers cover a frequency range of 700 -2300 cm -1 in the mid-IR. The s-SNOM nanoimages were recorded by a pseudo-heterodyne interferometric detection module with an AFM tapping frequency 280 kHz and tapping amplitude around 70 nm. With this setup the s-SNOM is able to probe the optical signal from sub-surface objects up to a depth of ~ 250 nm. In order to subtract background signal, the s-SNOM output signal was demodulated at the 3 rd harmonics of the tapping frequency. In this work, we report our near-field data in the form of the normalized scattering amplitude using gold as the reference: s(ω) = s sample (ω) / s Au (ω).
Sample fabrication
Hexagonal boron nitride (h-BN) crystals were mechanically exfoliated from bulk samples and deposited onto Si wafers capped with 300 nm thick SiO 2 . Graphene was then placed onto the h-BN using a PMMA-transfer method. In this work, we use graphene from either mechanical exfoliation or chemical vapor deposition (CVD) synthesis and get similar results from both techniques. The gold film used as the reference in our measurements was lithographically fabricated on the same substrate. Electrostatic backgating was accomplished by applying the voltage between the Si wafer and graphene layer, with SiO 2 and h-BN as the gate dielectrics.
